Inflammatory bowel disease (IBD), mainly referring to the Crohn\'s disease (CD) and ulcerative colitis (UC), is usually caused by a combination of genetic, immunological, bacterial and environmental factors.^[@bib1],\ [@bib2],\ [@bib3],\ [@bib4]^ There is increasing evidence that loss of intestinal epithelial cells (IECs) acts as one of the major contributors to the pathogenesis of IBD. An intact monolayer of IECs, the largest areas that are exposed to and react with the external environment protects the body from pathogens and other toxic luminal substances.^[@bib5],\ [@bib6],\ [@bib7],\ [@bib8]^ IBD patients often demonstrate increased intestinal paracellular permeability and decreased intestinal epithelial barrier function, which is mainly resulted from a loss of tight junction and epithelial cell loss.^[@bib6],\ [@bib9],\ [@bib10],\ [@bib11],\ [@bib12]^ Therefore, maintaining intact of epithelium is a potential strategy for IBD therapy.

The process of epithelial-mesenchymal transition (EMT) is characterized by losing epithelial cell marker such as E-cadherin, and gaining of a mesenchymal phenotype with expression of mesenchymal proteins including vimentin.^[@bib13],\ [@bib14]^ Briefly, EMT allows a polarized epithelial cell, which normally interacts with basement membrane via its basal surface, to undergo multiple biochemical changes that enable it to a mesenchymal cell phenotype, which enhances migratory capacity, invasiveness and greatly increased production of cell-extracellular matrix components.^[@bib15]^ Recent studies demonstrated that EMT contributes to the pathogenesis of IBD, especially to the loss of IECs, based on the clinical analysis and animal experiments.^[@bib16],\ [@bib17]^ Therefore, inhibiting EMT has potential roles in improving clinical outcomes of IBD.

MicroRNAs (miRNAs) are non-coding RNA molecules (21--23 nucleotides long) regulate gene expression at the post-transcriptional level by base pairing with specific sequences (miRNA response element) in the 3′ UTR of target mRNAs causing degradation of mRNA or inhibition of translation.^[@bib18]^ The members of miR-200 family have been highlighted for its importance in the maintenance of the epithelial phenotype through repressing EMT by directly targeting and downregulating ZEB1 and ZEB2, resulting in enhanced E-cadherin expression.^[@bib19],\ [@bib20]^ In the present study, we identify that downregulation of miR-200b expression is associated with loss of IECs in IBD. And then, we use a model of EMT to tackle the questions of whether and how miR-200b ameliorates intestinal epithelial barrier function i*n vitro.*

Results
=======

The miR-200b decreases in IBD
-----------------------------

To investigate whether miR-200b participates in the pathogenesis of IBD, we performed real-time PCR to quantify the expression of miR-200b in biopsy specimens of IBD initially. A total of 22 IBD patients (11 with CD and 11 with UC) have been enrolled in this study. Five patients with colonic polyps, which pathologically confirmed benign adenoma, served as non-IBD controls. The clinical features of subjects were showed in the [Supplementary Table 1](#sup1){ref-type="supplementary-material"}. In patients with the active phase of IBD, the expression of miR-200b (175±90) was significantly lower (*P*=0.018) when compared with controls (261±134). We further divided IBD into CD and UC and analyzed the expression of miR-200b in them. We found that the miR-200b decreased significantly in affected tissues compared with adjacent controls in UC patients (144±72 *versus* 271±127, *P*=0.010). However, the expression of miR-200b in lesions and adjacent tissues has no significant difference in CD patients (206±99 *versus*251±146, *P*=0l.416). In the non-IBD controls, the expression of miR-200b in the lesion did not differ from adjacent controls (228±89 *versus* 243±120, *P*=0.613) ([Figure 1](#fig1){ref-type="fig"}).

The downregulation of miR-200b correlates with the injury of IECs in IBD
------------------------------------------------------------------------

IBD patients often have damages in IECs, which are linked to a disturbed intestinal homeostasis and barrier function. As we known, E-cadherin is required for the maintenance of architecture and function of the intestinal epithelium. In this study, the CDH1, gene of E-Cadherin, decreased significantly in the inflamed mucosa compared with adjacent normal control (28±67 *versus* 119±121, *P*=0.002). ([Figure 2](#fig2){ref-type="fig"}) In addition, immunohistochemistry analysis revealed that E-cadherin protein was also reduced significantly. ([Supplementary Figure 1](#sup1){ref-type="supplementary-material"} and [Supplementary Table 1](#sup1){ref-type="supplementary-material"}) Pearson correlation and linear regression analysis showed that miR-200b was closely related to CDH1. (R=0.47, *P*=0.02) ([Figure 2](#fig2){ref-type="fig"}) Once epithelial cells lose polarity by lacking of E-cadherin, they often decide to become mesenchymal-like cells. Vimentin, a marker for mesenchymal cell, increased significantly in inflamed mucosa of IBD (14.5±3.4 *versus* 5.2±6.2, *P*=0.001). ([Figure 2](#fig2){ref-type="fig"}) This result was also enhanced by immunohistochemistry analysis. As shown in the [Supplementary Figure1](#sup1){ref-type="supplementary-material"}, the levels of vimentin protein increased significantly simultaneously. However, no obvious correlation was found between miR-200b and vimentin (R=−0.15, *P*=0.36) ([Figure 2](#fig2){ref-type="fig"}). The balance of proliferation and death of IECs is another important factor to maintain the intestinal epithelium homeostasis. Here, we detected the expression of PCNA (proliferating cell nuclear antigen) and CCND1 in these IBD specimens with real-time PCR. PCNA is a marker of human colonic cell proliferation, and CCND1, encodes cyclin D1 that is required for cell cycle G1/S transition.^[@bib21]^ As shown in the [Figure 3](#fig3){ref-type="fig"}, the mRNA of CCND1 reduced significantly in UC (0.18±0.2 *versus* 0.89±1.4, *P*=0.004), but not in CD (0.54±0.63 *versus* 0.70±0.86, *P*=0.291). In addition, CCND1 was correlated significantly with miR-200b. For expression of PCNA mRNA in IBD, there was no significant change could be found. ([Figure 3](#fig3){ref-type="fig"})

Enforced expression of the miR-200b prevents TGF-*β*1-induced EMT
-----------------------------------------------------------------

EMT is a process characterized by loss of epithelial markers, gain of mesenchymal markers and changes in cellular morphology and phenotype with increased ability to migrate. The above findings suggested that EMT contributed to the injury of intestinal epithelial barrier in IBD. As an important inducer of EMT, TGF-*β*1 was detected and analyzed in these samples, and the correlation between TGF-*β*1 and miR-200b was also analyzed. As shown in [Figure 3](#fig3){ref-type="fig"}, TGF-*β*1 increased significantly in both UC and CD lesions (UC, 12.5±13.6 *versus* 5.6±10.1, *P*=0.025; CD, 3.6±4.3 *versus* 1.2±1.8, *P*=0.004) and significantly correlated with miR-200b (R= −0.36, *P*=0.03).

To explore whether miR-200b has therapeutic potential in improving intestinal homeostasis, we employed lentiviral-based microRNA system to establish a stable cell line with miR-200b over-expression. ([Supplementary Figure 2](#sup1){ref-type="supplementary-material"}) Fluorescence microscopic analysis showed that lentiviral particles tagged with red fluorescent protein (RFP) infected IEC-6 effectively, with adequate RFP expressing in cells. [Figure 4a](#fig4){ref-type="fig"} showed that expression of miR-200b increased by around 2400-folds in lentiviral-RFP-200b compared with the lentivrial-RFP infected cells. Moreover, the expression of miR-200b was suppressed continuously in respond to TGF-*β*1. ([Figure 4a](#fig4){ref-type="fig"})

In this study, we induced EMT in IEC-6 cells by exposure to 10 ng/ml human TGF-*β*1 as reported previously.^[@bib17]^ We showed that TGF-*β*1 treatment could lead IEC-6 cells to undergo EMT-like transformation evidenced by loss of cell-cell adhesion and alterations of morphology from a round compact shape to a spindle shape. ([Figure 4b](#fig4){ref-type="fig"}) Immunofluorescent labeling and western-blots demonstrated a phenotypic transition from an epithelial morphology toward mesenchymal-like properties evidenced by loss of the epithelial marker, E-cadherin and in turn increased expression of the mesenchymal marker, vimentin. With miR-200b over-expressed in IEC-6 cells, we observed that miR-200b could inhibit the process of EMT by increasing E-cadherin and decreasing vimentin. ([Figure 5](#fig5){ref-type="fig"})

TGF-*β*1 is a pleiotropic cytokine with important effects on a wide range of cells and processes, including wound healing/tissue remodeling, being profibrotic, proangiogenic and antiproliferative.^[@bib22],\ [@bib23]^ Typically, TGF-*β*1 affected genes expression through the SMAD transcription factors. Briefly, once TGF-*β*1 bind to its heterodimeric receptor I or II, the receptor phosphorylates SMAD2 and SMAD3, which then combine with SMAD4 and translocate to the nucleus to induce or repress the expression of several genes.^[@bib24]^ With using bioinformatics tool TargetScanHuman 6.2 (<http://www.targetscan.org>), miR-200b was predicted to target SMAD2 at position of 334--340 sites of its 3′ UTR. The dual luciferase reporter assay showed miR-200b repressed the activity of luciferase significantly, which provided evidence of a direct link between miR-200b and human SMAD2 ([Figure 6a](#fig6){ref-type="fig"}). We simultaneously demonstrated that the levels of phospho-SMAD2 were reduced because of miR-200b downregulation of total SMAD2 protein levels ([Figure 6b](#fig6){ref-type="fig"}). After depletion of SMAD2 with RNA interference, we found that protein of vimentin was reduced correspondingly. ZEB1 was not only regarded as a transcriptional repressor of E-cadherin, but also of a direct target of miR-200b.^[@bib25],\ [@bib26],\ [@bib27]^ Here, we demonstrated that the expression of ZEB1 decreased significantly and resulted in upregulating of E-cadherin expression in miR-200b over-expressed cells. ([Figure 6b](#fig6){ref-type="fig"})

MiR-200b promotes proliferation of IECs
---------------------------------------

The intestinal epithelium is a dynamic tissue characterized by a high rate of cell death and reproduction, leading to renewal of the entire intestinal epithelium every 3--5 days.^[@bib28]^ Patients with IBD have been demonstrated increased apoptosis of the acute inflammatory sites throughout the entire crypt-villus axis.^[@bib29],\ [@bib30]^ Sartor *et al.*^[@bib24]^ reported that aberrant of immune activation and overproduction of inflammatory cytokines induced death of intestinal epithelial cells in IBD. Therefore, promoting IEC proliferation was necessary to replenish the decreased cell pool and further to ameliorate epithelial barrier function. Here, we demonstrated that proliferation of IEC-6 was increased significantly with endogenous miR-200b over-expression. In addition, TGF-*β*1-induced IEC-6 cells growth inhibition was partially reversed by sustained expression of miR-200b. ([Figure 7a](#fig7){ref-type="fig"}) With flow cytometry analysis, we observed that the over-expression of miR-200b altered the cell cycle by increasing S-phase and decreasing G1 phase significantly. Moreover, we found that the cyclin D1 protein expression was promoted by miR-200b over-expression. ([Figures 7b and c](#fig7){ref-type="fig"})

Discussion
==========

Currently, it remained unclear about the etiology and pathogenesis of IBD. Evidences from the animals and human have been demonstrated that loss of IECs contributed to the tissue damage and the severity of colonic inflammatory response. Therefore, maintaining intact of epithelium may provide novel and effective strategies to treat IBD.^[@bib31]^ At the center of intestinal barrier, IECs, has an active role in producing mucus and providing a physical barrier capable of controlling antigen traffic through the intestinal mucosa. Injuries/defects of IECs have been shown to increase epithelial permeability in IBD, which has been shown to possibly caused relapse.^[@bib32],\ [@bib33],\ [@bib34]^

The EMT, characterized by losing of epithelial markers and the acquisition of mesenchymal morphological markers, has aroused extensive interest in IBD research recently.^[@bib17],\ [@bib35],\ [@bib36]^ The EMT contributes to the disassembly of tight junctions and loss of apical-basal polarity in IECs due to a repression of the transmembrane adhesion receptor E-cadherin and a gain in expression of the mesenchymal features. The gene of E-cadherin (CDH1) has been reported to be associated with pathogenesis of IBD, with patients possessing the disease-associated single nucleotide polymorphisms having increased E-cadherin cytoplasmic accumulation.^[@bib37]^

In this study, we found that the expression of E-cadherin decreased in the inflamed mucosa of IBD compared with the adjacent controls at both mRNA and protein levels. On the contrary, the expression of vimentin mRNA increased significantly. ([Figure 2](#fig2){ref-type="fig"} and [Supplementary Figure 1](#sup1){ref-type="supplementary-material"}) Therefore, it was reasonable that EMT inhibition was a potential approach to protect IECs from injuring. We first found that miR-200b reduced significantly in IBD, and correlated significantly with E-cadherin. ([Figures 1](#fig1){ref-type="fig"} and [2](#fig2){ref-type="fig"}) It reminded us that enhanced miR-200b expression in epithelium of IBD might resist to the loss of tight junctions and polarity in IECs. Indeed, we demonstrated that sustained over-expression of miR-200b in IEC-6 cells decreased TGF*β*1-mediated EMT significantly by repressing expression of vimentin and robust expression of E-cadherin. ZEB1, a known transcriptional repressor of E-cadherin and a direct target gene of miR-200b, was decreased by miR-200b. These data suggested over-expression of miR-200b promoted E-cadherin through disrupting the ZEB1. ([Figure 5](#fig5){ref-type="fig"}) SMAD2 has been reported to act as a target gene of miR-200b in regulating mammalian palate development.^[@bib38]^ Here, dual-luciferase and western-blot analysis provided direct evidence that miR-200b binded to 3′ UTR of SMAD2 hence repressed SMAD2 protein expression in IEC-6 cells. As one important mediator in TGF-*β*1 signaling, SMAD2 was involved in TGF-*β*1-mediated EMT.^[@bib39],\ [@bib40],\ [@bib41]^ In this study, we found that expression of vimentin was decreased correspondingly after SMAD2 knocked down ([Figure 6](#fig6){ref-type="fig"}). It suggested that miR-200b might inhibit expression of vimentin through TGF-*β*1-SMAD2 signal pathway.

The intestinal epithelium is a dynamic tissue characterized by renewal of the entire intestinal epithelium every 3--5 days in mice.^[@bib28]^ A balance between cellular proliferation and death is necessary to maintain the normal function of IECs. We found that the CCND1, gene of Cyclin D1, was decreased significantly in IBD, and positively related to the miR-200b in these specimens. ([Figure 3](#fig3){ref-type="fig"}) With endogenous over-expression of miR-200b, we found that proliferation of IEC-6 cells was increased significantly by increasing S-phase and decreasing G1 phase. In proliferative cells, the cell cycle consists of four phases. Passage through the four phases of the cell cycle is regulated by a family of cyclins that act as regulatory subunits for cyclin-dependent kinases (cdks). The cyclin-cdk-complex of G1/S is either cdk4 or cdk6 bound to a cyclin D isoform. Here, we demonstrated miR-200b could promote the expression of cyclin D1 protein. This finding was consistent with a report previously, which demonstrated that miR-200b increased cyclin D1 expression by targeting RND3 in HeLa cells.^[@bib42]^

Materials and Methods
=====================

Reagents
--------

Reagents were used in this study as followed: IEC-6 cell line (American Type Culture Collection, ATCC), Phospho-Smad Antibody Sampler Kit (Cell Signaling, Danvers, MA, USA), Human Transforming Growth Factor *β*1 (Cell Signaling), Epithelial-Mesenchymal Transition (EMT) Antibody Sample kit (Cell Signaling); Anti-E-cadherin antibody (BD Biosciences, San Diego, CA, USA); Has-mir-200b inhibitor, SMAD2 siRNA (GenePharma Inc, Shanghai, China), Cyclin D1 (Bioworld, Dublin, OH, USA), Cell Counting Kit-8, DAPI (Dojindo, Kumamoto, Japan), has-mir-200b TaqMan MicroRNA Assays (Applied Biosystems, Foster City, CA, USA)

Specimens
---------

The use of human tissue in this study was approved by the Ethics Committee at the Xinhua Hospital, Shanghai, China. A total of 27 biopsy mucosal samples and their adjacent controls were obtained from endoscopic specimens of patients with diagnosis of IBD (CD, *N*=11; UC, *N*=11) and tubulovillous adenoma of the colon (*N*=5). Briefly, 5 × 5 mm mucosal tissues were obtained during colonoscopy. Adjacent controls were obtained from the sites that distanced 5--10 cm from inflamed area in the same patients. All of the patients or their guardians provided written informed consent. Specimens were paraffin-embedded or stored at −80 °C. The diagnosis was based on established clinical, endoscopic, histological parameters. Tissue specimens were assessed microscopically by two pathologists (M, Z and W, Z). All samples considered active showed the typical characteristics of inflamed IBD and demonstrated histological parameters such as increased mononuclear infiltrates accompanied by active lesion such as erosions/ulcerations or crypt abscesses/cryptitis. Diagnostic findings of the patients are provided in [Supplementary Table 1](#sup1){ref-type="supplementary-material"} and [Supplementary Figure 1](#sup1){ref-type="supplementary-material"}.

Immunohistochemistry and immunofluorescence assay
-------------------------------------------------

Immunohistochemistry was performed using method of diaminobenzidine (DAB) chromogen as described previously.^[@bib35]^ Briefly, tissue samples were incubated with xylol and descending concentrations of ethanol. Antigen retrieval was performed using citrate buffer, pH 6.0 (microwave treatment, 40 min at 240 W). Endogenous peroxidases were removed by incubation with 0.3% H~2~O~2~ for 15 min at room temperature (RT) and blocking was performed using 5% bovine serum albumin (BSA) for 1 h at RT. Primary antibodies were then applied in an optimal concentration overnight in a wet chamber. (N-cadherin, dilution 1:200; E-cadherin, dilution 1:200; vimentin dilution 1:100). After incubation for 30 min at 37 °C following overnight at 4 °C, the slides were rinsed in phosphate-buffered saline (PBS) and incubated with the secondary antibody for 1 h at RT. Antibody binding was visualized by a liquid DAB Substrate Chromogen System (Dako, Glostrup, Denmark). The slides were rinsed in PBS and counterstained with hematoxylin. The evaluation of immunohistochemical pattern was performed in blinded fashion by a pathologist (M, Z) experienced in IBD. For immunofluorescence analysis, the cells were fixed with 4% paraformaldehyde initially. After blocking cell with 3% BSA for half an hour at RT, the cells were incubated with the anti-E-cadherin antibody or anti-Vimentin antibody at RT for 2 h. After washing three times with PBS, the second antibody conjugated with FITC was performed on these cells for 1 h at RT. The nuclei were counterstained with DAPI.

Cell culture and lentivirus production
--------------------------------------

The small intestinal cell line IEC-6 was grown in Dulbecco\'s modified Eagle\'s medium (DMEM) supplemented with 10% heat-inactivated fetal bovine serum (FBS).

Lentivirus infection was commenced when the IEC-6 cells were either at 40--60% confluence. The EMT was induced by conditioned medium DMEM supplemented with 0.5% FBS containing TGF-*β*1 (10 ng/ml) as described previously.^[@bib43]^ For constructing the miR-200b-lentivirus, the sequence of miR-200b precursor was inserted into pGCSIL vector with enzymes Age I/ EcoR I. The combined plasmid was transfected into 293T cells. After 48 h, the supernatant was collected by centrifugation at 4000 r.p.m. for 10 min. The debris were removed by filtering with 0.45 *μ*m filter. The titer of lentiviral vectors was determined by fluorescence-activated cell sorting.

Real-time PCR
-------------

The total RNA was extracted from the cells or tissues with Trizol (Invitrogen, Carlsbad, CA, USA) according to the protocol of manufacture. For determining the expression of miR-200b, miR-200b was reverse transcribed and quantified with a TaqMan microRNA assays (Applied Biosystems). All data were normalized to U6. For genes assay, SYBR-Green Universal Master Mix kit and High Capacity cDNA Reverse Transcription kit (Applied Biosystems) were employed to detect the levels of these genes. All reactions were repeated three times and GAPDH was used to normalize the target genes. The PCR primers: GAPDH, forward, 5′-GAAGGTGAAGGTCGGAGTC-3′, reverse, 5′-GAAGATGGTGATGGGATTTC-3′ CDH1, forward, 5′-GGAGGAGAGCGGTGGTCAAA-3′, reverse, 5′-TGTGCAGCTGGCTCAAGTCAA-3′ vimentin, forward, 5′-CCTCCTACCGCAGGATGTT-3′, reverse, 5′-CTGCCCAGG CTGTAGGTG-3′ CCND1, Forward 5\'-CACACGGACTACAGGGGAGT-3′, reverse, 5′-CACAGGAGCTGGTGTTCCAT-3′ PCNA, Forward 5′-AGGCACTCAAGGACCTCATCA-3′, reverse, 5′-GAGTCCATGCTCTGCAGGTTT-3′ and TGF-*β*1, Forward 5′-GCACGTGGAGCTGTACCA-3′ reverse, 5′-CAGCCGGTTGCTGAGGTA-3′.

Western blots
-------------

Western blots were performed using standard procedures. Briefly, protein of 30 *μ*g/well was separated on 4--12% SDS-polyacrylamide gels and transferred onto nitrocellulose using a dry blotting system (iBLOT system, Invitrogen). After blocking in PBS, 5% nonfat milk at RT for 30 min, membranes were incubated with the primary antibodies overnight at 4 °C. The primary antibodies of E-cadherin, Vimentin, SMAD2, ZEB1 and cyclin D1 were performed in this study. The membranes were washed three times with PBS and 0.1% Tween-20, and then incubated with secondary antibodies. After final washes with PBS and 0.1% Tween-20, the signals were detected using ECL chemiluminescence reagents. (Pierce, Rockford, IL, USA).

Flow cytometric and proliferative analysis
------------------------------------------

Cells were seeded in 96-well plates with 30--50% confluence initially. The proliferation of IEC-6 cells was analyzed using the Cell Counting Kit-8 (Dojindo) after 24 or 48 h. The absorbance value of each well was determined at 450 nm by a microplate reader (Beckman Coulter Instruments, Brea, CA, USA). IEC-6 cells were fixed with ice-cold 70% ethanol, labeled with PI, and cell cycle was detected by flow cytometry as described before.^[@bib44]^

Luciferase reporter assay
-------------------------

The 3′-UTR for SMAD2 was amplified from genomic DNA. Amplified 3′ UTRs were cloned to the downstream of luciferase coding region in the pGL3 vector (Promega, Madison, WI, USA). 400 ng pGL-SMAD2 plasmids were transfected into IEC-6 cells with lentiviral-vector/lentiviral-miR-200b infection by using Lipofectamine-2000 (Invitrogen, Inc). Cells were harvested for luciferase activity assays 48 h after transfection. The relative reporter activity was obtained by normalization to the Renilla control luciferase activity.

Statistical analysis
--------------------

All data are reported as mean ±S.D. When comparisons were made between two different groups, statistical significance was determined by the Student\'s *t*-test using SPSS19 software program. *P* values from a two-tailed test were \<0.05 were considered statistically significant. Pearson correlation and linear regression analysis were used to assess correlation between miR-200b and CDH1, Vimentin, TGF-*β*1, CCND1 and PCNA.
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![miR-200b was down-regulated in IBD. The expression of mir-200b decreased by about twofold in 22 IBD tissues when compared with the matched controls. In Ulcerative Colitis (UC, *N*=11) miR-200b was reduced significantly in inflamed mucosa. However, there was no significant changes in Crohn\'s Disease (CD, *N*=11). In patients with colonic adenoma, acting as the non-IBD controls, it neither found any significant changes of miR-200b in lesion of colon when compared with adjacent normal controls. \**P*\<0.05; \*\**P*\<0.01](cddis201322f1){#fig1}

![The miR-200b was significantly correlated with E-cadherin in IBD. The expression of CDH1 (gene of E-cadherin) was reduced significantly in inflamed mucosa of IBD, especially in UC. Pearson correlation and linear regression analysis indicated that miR-200b was correlated significantly to CDH1 (R=0.47, i=0.02). Conversely, the gene of Vimentin increased in lesion tissues of IBD, but had no significant relationship with miR-200b (R=−0.15, *P*=0.36). \**P*\<0.05, \*\**P*\<0.01](cddis201322f2){#fig2}

![miR-200b was correlated positively with CCND1 and negatively with TGF-*β*1 in IBD. As markers of cell proliferation, the genes of CCND1 and PCNA were detected and quantified. It found that CCND1 was downregulated significantly in IBD. Pearson correlation and linear regression analysis showed that CCND1 was correlated significantly to miR-200b. TGF-*β*1 was upregulated significantly and correlated negatively with miR-200b. \**P*\<0.05, \*\**P*\<0.01](cddis201322f3){#fig3}

![The expression of miR-200b was inhibited by TGF-*β*1. In respond to stress of TGF-β1, the expression of miR-200b was reduced significantly in both lentiviral-vector and lentiviral-miR-200b infected cells. (**a**) The cell-cell junction disappeared and was became scatter in respond to the TGF-*β*1 including, while, miR-200b protected these cells from losing polarity. (**b**) \**P*\<0.05, \*\**P*\<0.01. Magnified × 100](cddis201322f4){#fig4}

![miR-200b inhibited TGF-*β*1-induced EMT. Western-blot and immunochemistry analysis showed that TGF-*β*1 could induce EMT in IEC-6 cells by repression of E-cadherin expression, and increased expression of vimentin at the indicated time. With miR-200b over-expressing in IEC-6 cells, this process of EMT was inhibited significantly (**a**). Immunochemistry analysis indicated that showed endogenous over-expression of miR-200b decreased the vimentin and increased the E-cadherin at the seventh day of TGF-*β*1 inducing. (**b**) Arrows indicated the staining of E-cadherin or vimentin, Magnified × 200](cddis201322f5){#fig5}

![MiRNA-200b targeted SMAD2 and modulated response to TGF-*β*1.The putative binding site of miR-200b at position of 334-340 in SMAD2 3′-UTR region was predicted by TargetScan 6.2 (<http://www.targetscan.org>). Expression of the firefly luciferase reporter activity was significantly reduced by sustained expression of miR-200b. Western-blot analysis also showed that the expression of SMAD2 protein decreased significantly by endogenous over-expression of miR-200b. (**a**) After SMAD2 knocked down, the expression of vimentin was decreased evidently. The over-expression of miR-200b inhibited expression of ZEB1 significantly. (**b**)](cddis201322f6){#fig6}

![miR-200b promoted the proliferation of IECs. The growth of IEC-6 was suppressed by TGF-*β*1. While, with miR-200b over-expressing in IEC-6 cells, the proliferation was promoted significantly. (**a**) Cell-cycle analysis showed that cells infected with lentiviral-miR-200b had increased numbers of cells in S phase and corresponding decreased numbers of cells in G1 phase. (**b**) miR-200b upregulated the expression of Cyclin D1. (**c**) \**P*\<0.05; \*\**P*\<0.01](cddis201322f7){#fig7}
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